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CLOSED LOOP CONTROL FOR A WEB WINDING MACHINE 
BACKGROUND OF THE INVENTION 

Field pf the Invention 

This invention relates in general to a web winding machine for paper 
and other products and particularly to a closed loop control for a web 
winding machine. 

Description of the Related Art 

U. S. Patent No. 4,594,880 discloses an apparatus for determining 
the finished roll density in a mill and such disclosure is hereby incorporated 
by reference. 

U. S. Patent No. 3,009,666 relates to roll density control for slitter 
winders and such disclosure is hereby incorporated by reference herein. 

U. S. Patent 4,883,233 is to a method for controlling the reeling of a 
web and this disclosure is hereby incorporated by reference into the present 
disclosure. 

U. S. Patent 4,638,657 is to a device for measuring the winding 
hardness of a strip especially a strip of paper wound into a reel. 

U. S. Patent 4,676,094 is to a roll-firmness measuring device and 
this disclosure is hereby incorporated by reference into the present 
disclosure. 

Measuring a wound roll density on line is perhaps the most useful 
diagnostic tool that exists for measuring roll structure. Various density 
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analyzers have been in existence since 1980. In 1983, the Voith Company 
had the ability to correct for machine direction caliper variations in the 
density calculation. This method offers significant advantages over 
non-caliper corrected analyzers. The basic calculation for wound rolf density 
is as follows: 

Basis Weight 
Density = 

Ream Size * 144 * Caliper 
Density = [ #/in 3 

Basis weight = [ #/Ream Size ] 
Ream size = [ ft 2 ] 
Caliper = [ inches] 

As can be seen from this equation, the calculation of wound roll density is 
highly dependent upon the basis weight and the caliper of the material 
being wound. 

There have been attempts to provide closed loop control of the 
parameters effecting roll structure previously. Most of these have relied 
upon controlling these parameters based upon either "feed forward" 
techniques or by controlling them via —wound roll" density equaling preset 
values that were determined by a human "expert". Both of these 
techniques have significant errors associated with them. The "feed 
forward" technique assumes that the web properties are following a trend 
and that these trends can be predicted. Although this may be correct a 
small percentage of the time, it is not accurate enough to use according to 
statistical methods for prediction. A human "expert" technique assumes 
that the web properties are constant. This assumption is invalid. Web 
caliper and basis weight may vary independently by as much as 10% in a 
roll of material. This can lead to changes in the resultant "density" curve of 
as much as 101 5%. When attempting to determine the fitness of a roll 
structure, this is not adequate. 
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It ts desirable to produce rolls of material with a known roll structure. 
With- manual operation, there is a high amount of variation in the resulting 
roll structure from operator control of the parameters effecting roll 
structure. Every operator tends to set the parameter slightly different from 
others based upon his/her experience with the machine and the resultant 
roll structure. There have been attempts previously to have automated 
"control" of the parameters effecting roll structure. For the most part r they 
have been based upon one of two methods. 

The first method is the most widely implemented. It involves a 
human "expert" who determines what the optimum setting is for the 
parameters should be for "ideal" roll structure. There are typically different 
curves for different grades and roll diameters. The major problem with this 
method is that it is based upon the assumption that the paper properties 
and machine characteristics are constant. This is not a valid assumption. 
Web caliper and basis weight may vary independently by as much as 1 0% 
within a roll of material. Hence, the preset curves may produce different roll 
structures for different rolls of the same grade and diameter. 

The second method involves a technique known as "feed 
forwarding". This method involves measuring either the roll structure or 
wound roll density during a particularly run. The computer then modifies 
the parameters affecting roll structure according to a set rules or tables in 
order to produce the desired roll structure. The next roll is then wound with 
each of the parameters. This process is repeated roll after roll. The major 
problem with this method is that it assumes that there is a statistical 
trending to the web properties and the way it reacts to the various 
parameters affecting roll structure. The primary diagnostic tool is wound 
roll density. This measurement is highly influenced by variations and web 



WO 93/15008 



4 



PCT/US93/00695 



caliper and basis weight. Neither of these variables can be statistically 
trended with any reasonable amount of confidence. 

SUMMARY OF THg INVENTION 

It is an object of the present invention to provide an improved roll 
density monitoring system. This includes on line measurement of web 
caliper and basis weight. By measuring the "free sheet" density and 
comparing that with the "wound roll— density, a determination of the 
effectiveness of the parameters controlling the machine can be made. 
Although "wound roll" density is not a primary roll structure measurement, 
it can be used in the method of the invention to control the winding 
parameters "real-time" so as to obtain a desired roll structure. 

There are several different methods by which this could be done. 
They include the following: 

1 . Calculating the difference between the "free sheet" density 
and the "wound roll" density. 

2. Integrating the area between the two densities. This could be 
used to indicate the amount of energy "stored" in the roll. 

In either method, one could do the following: 

1 . Look at the absolute numbers and use that to control the 
machine. 

2. Look at the relative changes between successive points. With 
the differencing method, this would indicate that there is an "area" of 
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"high" density next to a "area" of "low" density. With the integrating 
method, -this would indicate that there is a "area" of "high" energy next to 
an "area" of "low" energy. The magnitude of these changes could be used 
to diagnose whether or not there is a problem with the roll structure. A 
computer with current density information would be able to influence the 
winding parameters based on the density data. This computer would 
contain an expert system and/or PID control winding parameters. 

It is an object of the present invention to use conventional prior art 
wound roll density analyzing equipment with the addition of the 
measurement of web caliper and basis weight. 

Other objects, features and advantages of the invention will be 
readily apparent from the following description of certain preferred 
embodiments thereof taken in conjunction with the accompanying drawings 
although variations and modifications may be effected without departing 
from the spirit and scope of the novel concepts of the disclosure, and in 
which: 



FIG. 1 illustrates the invention; 

FIG. 2 is an end view of a reel showing its diameter at two different 
locations; 

FIGS. 3-1 1 are curves illustrating various characteristics of rolls. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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DETAILED DESCRIPTION OF THE P REFERRED EMBODIMENTS 

FIG. 1 illustrates the paper roll 10 being wound on a spindle 1 1 and 
the wound roll 1 0 is engaged at its top surface by a roll 1 2 mounted on a 
shaft 1 3. A first drum 14 is rotatably supported on a shaft 1 5 and engages 
the lower surface of the roll 1 0. A second drum 1 6 mounted on a shaft 1 7 
engages the lower surface of the finished paper roll 10 as shown. The 
incoming paper web 1 8 passes through a basis weight measuring device 
comprising elements 19 and 21 mounted on opposite sides of the web 18 
which supplies an output signal indicative of basis weight on lead 22 to a 
signal condition unit 23. A caliper gauge 24 is mounted adjacent the web 
1 8 and measures the caliper and supplies an output on lead 20 
to the signal condition unit 23. The signal condition unit 23 supplies an 
output to an analog input board 27 which supplies an input to a computer 
26. The computer 26 receives the output of a wound roll density analyzer 
25 which comprises a counter timer board 28 which supplies an output to 
the computer 26 and which receives an input from a quadrature conversion 
unit 29 which receives inputs on leads 31 from a core chuck encoder 
which measures the speed of the paper roll 1 0 by detecting the rotational 
speed of the shaft 1 1 . The quadrature conversion 29 also receives an input 
on lead 32 which indicates the speed of rotation of the shaft 17 which 
supports the drum 16. 

The wound roll density analyzer 25 is known in the prior art and the 
present invention adds the basis weight measuring device and the web 
caliper device. 

It is desirable to control the parameters affecting the roll structure 
"real-time" during winding. With all prior art equipments, this is impossible. 
At best, current methods modify the machine parameters based upon what 
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the perceived effect was on the previous roll structure. This is not 
"real-time" and it is based on the assumption that the web properties and 
their affect on roll structure can be statistically trended. With the system of 
the invention, it is possible to obtain "real-time" control of the winding 
parameters so as to achieve a desired roll structure. 

There are several different methods to accomplish this. They include 
the following: 

1 . Calculate the difference between the "free sheet" density and 
the "wound roll" density. 

2. Integrate the areas between the two densities. This could be 
used to indicate the amount of energy stored in the roll. 

FIGS. 3-6 illustrate the curves for the different methods of analysis 
listed above based upon typical "round roll" and "free sheet" densities. 
FIGS. 710 illustrate the curves for all of the different methods of analysis 
listed above based upon variations in the "round roir density while there is 
none in the "free sheet" density. FIGS. 10 and 1 1 show the curves for the 
methods based upon similar variations and "wound roll" and the "free 
sheet" densities. 

In either method, the following can be done: 

1 . Consider the absolute numbers and use those to control the 
machine. 

2. Consider the relative change between successive points. With 
the differencing method, this would indicate that there is an "area" of 
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"high" density next to an "area" to "low" density. With the integrating 
method this would indicate that there is an "area" of "high" energy next to 
an "area" of "low" energy. The magnitude of these changes could then be 
used to diagnose whether or not there is a problem with the roll structure. 

With either system, it would be desirable to have an expert system 
controlling the machine. This system would be programmed with the 
required rules and their associated confidence level for a desired roll 
structure. This system may also possess the ability to accept information 
from post-processing tests that indicate the roll structure as measured from 
a primary unit of measurement. Such tests include the WIT-WOT winder 
from Beloit Corporation or a TAPPI standard Cameron gap test. With the 
acceptance of this data, the expert system could then update its rules and 
associated confidence levels for the producer's materials. 

FIG. 2 is an end view of a roll of paper and indicates an annular 
paper portion Fi between diameters Di (outer) and Di1 (inner). 

FIG. 3 is a plot of the roll diameter in inches of the wound roll 
density and the free-sheet density. 

FIG. 4 is a plot of the roll diameter wound minus free sheet. 

FIG. 5 is a plot of roll diameter in inches of the integrated single 

point. 

FIG. 6 is a plot of roll diameter in inches integrated 0 to 60 inches. 

FIG. 7 is a plot of roll diameter in inches wound roll density and free 
sheet density. 
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FIG. 8 is a plot roll diameter in inches with the wound minus the free 
sheet plotted. 

FIG. 9 is a plot of roll diameter in inches with the integrated single 

point. 

FIG. 10 is a plot of the roll diameter with wound roll density and the 
free sheet density. 

FIG. 1 1 is a plot of the roll diameter and the integrated single point. 

Thus, the present invention utilizes the basis weight and caliper 
gauge with the wound roll density so as to accurately control the rolls. 

It is seen that this invention provides an improved structure for 
controlling roll structures and although the invention has been described 
with respect to preferred embodiments, it is not to be so limited as changes 
and modifications can be made which are within the full intended scope of 
the invention as defined by the appended claims. 
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WE CLAIM AS OUR INVENTION: 



1 . A method for controlling the roil structure of a web (18) 
wound on a winding machine consisting of the steps of, determining the 
density of the wound web (10), measuring the basis weight of the web 
(19,21) before it has been wound, measuring the caliper of the web (24), 
and calculating (23,24,26) the parameters of said winding machine. 

2. A method according to claim 1 wherein the parameters are 
calculated from the difference between the "free sheet" density and the 
"wound roll" density. 

3. A method according to claim 1 wherein the parameters are 
calculated by integrating the area between the "free sheet" density and the 
"wound roll" density. 

4. Apparatus for controlling the roll (10) structure of a web (18) 
wound on a winding machine comprising, a web (18) which is to be 
wound, a basis weight detector (19,21) mounted adjacent the web to 
detect the basis weight, a caliper gage (24) mounted adjacent the web to 
detect the caliper, means (28,29,31 ,32) for determining the density of the 
wounctweb on the winding machine, and a computer (26) receiving the 
outputs (22,20,25) of said basis weight detector, said caliper gage and 
said means for determining density of the wound web and calculating the 
parameters of said winding machine. 

5. Apparatus for controlling the roil structure of a web wound on 
a winding machine according to claim 4 including a signal condition means 
(23) and an analog input board (27) mounted between said computer (26) 
and said caliper gage (24) and said basts weight detector (19,21). 
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